A longitudinal study of Salmonella enterica infection was carried out in 4 Italian farrow-to-finish swine herds. In each herd 5 litters were randomly selected and in each litter 6 piglets ear tagged. Thus, on each farm 30 pigs were included in the study. Individual blood samples were collected for serologic examination at weaning from all piglets and in the same day from all sows 1n the farrowing unit. Piglets were bled again at approximately 60, 90, 150, 210 and 270 days of life with the last blood sample collected at slaughtering . In one herd , in which the duration of productive cycle was abou t 12 months, the last blood samples was coll ected at 350 days of life. 5 pen pooled faeca l samples were co llected from each herd for bacteriological examination with the same time schedule of blood samples. At slaughtering mesenteric lymph nodes were collected from each ear tagged pig . Sera-prevalence (cutoff S/P ratio 0,25) in sows varied from 93,8% to 100%. In all herds sera-prevalence in piglets showed a similar profile with complete decline of maternal antibodies at day 60 and clear sera-conversion between day 90 and day 150. The peak of sera-prevalence was observed between day 210 and day 270. Sera-prevalence at slaughtering varied from 66% to 100%. Salmonella was isolated from faecal samples in 3 out of 4 herds. No Salmonella was isolated from mesenteric lymph nodes at slaughter in 2 herds. Culture prevalence from mesenteric lymph nodes in the other herds was respectively 3,3% and 30%. This longitudinal study provides original information about epidemiological dynamics of Salmonella enterica infection in Italian swine herds in cons ideration of the typical longer fattening cycles.
Introduction
Salmonella enterica infection is a potential cause of disease in pig, but in most cases it is subclinical. The possibility that asymptomatic carrier pigs reach the slaughterhouse contaminating the food chain is a matter of concern for Pubblic Health. Regulation (EC) No 2160/2003 requires Member States to establish national control programs in order to achieve commun ity targets m the reduction of zoonotic agents in animals, including Salmonella enterica in swine. Some Member States as Denmark, Great Britain, Germany and Netherland (Anonimous, 2006) , have established Salmonella control programs in pigs. Others countries, including Italy, have been acqUiring information about the epidemiology of the infection for the implementation of the national programs. Further need of investigation also derives from the peculiar Italian production system, characterized by a slaughter live weight of 160-180 kg that means 3-4 additional months in the duration of the production cycle. Th is make observations about herd epidemiology recorded in other countries not fully complying to the Italian situation. This kind of information will also be necessary in order to establish control measures at farm level in those herds that will need to reduce the infecttve pressure in the future in consideration of the application of a Nattonal program. The principal aim of this study was to investigate the dynamics of Salmonella infection tn Italian farms with different characteristics tn herd dimension and orgamzation . The Authors wanted as well to evaluate the efficacy and feasibility of different diagnostic approaches in the Italian situation.
Material and methods
Four Italian farrow-to-finish herds were selected for the study The herds were known to be infected by Salmonella from previous bactenological findings. The farms had the following charactenstlcs: farm 1) 100 sows, single s1te operation , farm 2) 550 sows, single site operat1on , farm 3) 1100 sows, two sites operation, farm 4) 1500 sows , three sites operation . In each herd 6 litters were randomly selected , and 1n each litter, the ears of five piglets were tagged. Thus, a total of 120 p1glets were mvolved at the beginning of the study. All ear-tagged pigs were supposed to be raised together for the entire observation period. The day before weaning individual blood and faecal samples were collected from all sows in the farrowing unit, including the mothers of tagged piglets In herds 1 ,2,3 and 4, 9,9, 17 and 20 sows were respectively submitted to blood and faecal sample collection The same day in each herd a pool of faeces from the five boxes with tagged § piglets was collected and tagged piglets were bled. In addition, tagged p1glets were bled at day 60, ~ 90, 150, 210. In herd 4 in which p1gs are raised until the age of 350-360 days , a supplementary blood sample was collected at day 270. The same days of blood sampling, five faecal pools were collected in each herd from the floor of boxes in which the identified p1gs were housed . Each faecal pool was composed of five faecal drops collected from the box floor. The maximum variation in effective sampling from schedule was 7 days. At slaughter, individual blood samples from tagged pigs were collected at bleedmg (day 270 for herd 1,2,3 and 350 for herd 4) and ileocecal lymph nodes from corresponding carcasses were collected . Tagged pigs that died during the study period were replaced by other p1gs of the same age and reared in the same conditions. Blood samples were analyzed by using a commercial ELISA test (Swine Salmonella Antibody Test, IDEXX) with a cutoff fixed at S/P ratio ~ 0,25 (00% =10). Faecal pools (25 g, except samples at day 30 that reached 5-10 g) were cultured as recommended by La Fa Wong and Hald , 2000. Ileocecal lymph nodes were submitted to bacteriological examination follow1ng superficial decontammation with ethanol (Anonimo, 2006) . Differences in S/P ratio values and in sera-prevalence were compared by usmg respectively ANOVA and Fisher's Chi 2 .
Resu lts
In table 1 serologic results are reported as single herd and as aggregated average data of all herds. The serolog1c aggregated average data of all herds are reported graphically in figure 1 Tab le 1. Serolog1c results expressed as % of sero-posit1ves and mean SIP rat1o value. Sows sere-preva lence varied from 100% to 93 ,8%. Percentage of sero-posit1ve piglets at day 30 of life was 1n average 21,4% (19%-26%). No s1gnificant differences were observed between herds. At day 60 of life all pigs 1n all herds were sero-negative and at day 90 only 2,7% (0-4%) showed S/P ratio values higher than the cutoff. Between day 90 and day 150 a high number of seraconversions was observed . At day 150 the average sera-prevalence reached 56,5% (35,7-82,7%) with an average S/P ratio value 0,4 {0,25 -0,61 ). The differences in terms of sero-positive pigs and S/P ratio value at day 90 and 150 were significant. (Chi 2 1 , 1Fisher's exact p< 0.01 , F,,s54= 129,65 p<0.01 ). From day 150 and 270 a further increase in sera-prevalence was recorded in all herds. Average differences in terms of sero-positive pigs and S/P ratio value were significant (Chi 2 11 Fisher's exact p<0,05; F12, 1= 8.16 p<0.01 ). Bacteriological results obtained from faecal samples an ileocecal lymph nodes are reported in table 2. 
Discuss ion
The results of serology provide new information about epidemiology of Salmonella 1nfect1on 1n Italian herds with different charactenst1cs of organization. In all herds sera-prevalence in sows was high . The role of breeding animals 1n the ep1dem1ology of the infection has been mvesllgated 1n several studies and results are not always concordant (Dahl et al , 1997; Fedorka-Cray et al. , 1997 . Funk et al • 2001 . In our study faecal samples collected from piglets at day 30 of life were all negative irrespective of Salmonella excretion by sows at the same day S/P ratio value and seraprevalence at day 30 was not infiuenced by evidence of faecal excrellon 1n sows m the same herd Serolog1c profile from day 30 to day 90 was similar m the four herds. Sero-prevalnce m p1glets at weaning ranged from 19% to 26% (average SIP ratio value 0,12) in spite of the high rate of seropositive sows (93,8-100%, average S/P rat1o value 0,67). These results could be explained by low transfer of detectable antibodies with colostrum or by the1r rapid decline. In all herds the m1n1mum number of sero-pos1t1ve p1gs was recorded between day 60 and 90 of life As prev1ously described by others Authors (Beloe1l et al . 2003 , Kranker et al. , 2003 , a clear increase 1n sera-prevalence was observed from day 90 to day 150. Assuming approximately an mterval of 30 days from the peak of faecal excretion and maximal mc1dence of seroconversion (Kranker et al . 2003) , it can be suggested that the highest number of mfections took place m all herds approximately between day 60 and 90 of life. This hypothesis IS supported by other studies (Funk et al. , 2001 , Beloe1l et al • 2003 Kranker et al. , 2003) . Furthermore in that penod usually animals are m1xed and hyg1en1c and environmental cond itions worsen in coincidence w1th the transfer from weaning to early fattening un1ts. Surprisingly, and 1n contrast w1th serologic results and with the previously mentioned reports, all faecal pools collected in that period (60-90 days of life) were negative at bactenolog1cal examinat1on In feed medication was almost continuous m these groups at that age and antibiotic 1ntake m1ght have lowered the sens1b11ity of the test without prevent1ng spreadmg of the infection . In contrast with the observations of Kranker et al. (2003) , who reported a decrease of seraprevalence in 5 of 6 cohorts from 3 Danish herds in proximity of slaughter after a peak in the early fattening period, in this study the sera-prevalence increased until slaughter. The serologic results together with the detection of Salmonella in faeces at 150-270 days in three herds suggest that the spread of infection was not confined in the early finishing period. In consideration of this evidence the longer fattening period typical of the Italian swine production system could be an additional point of concern for the control of infection at herd level. The results of bacteriological investigation of ileocecal lymph nodes confirm what previously described by various Authors (Berends et al. ,1996; Davies et al., 2000; Hurd et al. , 2001 ; Gebreyes et al. , 2004) about the contrasting results in terms of serotypes detected from samples collected at farm and at the slaughterhouse.
Conclusions § @
This study provides three major considerations about Salmonella infection in Italian herds: 1) the J= infection is highly diffused in breeding animals of commercial farms irrespective of number of sows and operating sites, 2) the early fattening period is, as expected, the moment of massive spread of o the infection , 3) the long fattening period of Italian herds could make even more difficult the implementation of control strategies at herd level when farms will be called to reduce prevalence. The sampling protocol for blood samples was practicable and the serologic test results provided useful information about infection dynamics in herds. The protocol used for faecal samples collection was probably inadequate for the same purpose and the sensitivity of the test might have been influenced by in feed medication.
